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Abstract
More than ten Ω0c weak decay modes have been measured with the branching fractions relative to
that of Ω0c → Ω−π+. In order to extract the absolute branching fractions, the study of Ω0c → Ω−π+
is needed. In this work, we predict Bπ ≡ B(Ω0c → Ω−π+) = (5.1 ± 0.7) × 10−3 with the Ω0c → Ω−
transition form factors calculated in the light-front quark model. We also predict Bρ ≡ B(Ω0c →
Ω−ρ+) = (14.4 ± 0.4) × 10−3 and Be ≡ B(Ω0c → Ω−e+νe) = (5.4 ± 0.2) × 10−3. The previous
values for Bρ/Bπ have been found to deviate from the most recent observation. Nonetheless, our
Bρ/Bπ = 2.8± 0.4 is able to alleviate the deviation. Moreover, we obtain Be/Bπ = 1.1± 0.2, which
is consistent with the current data.
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I. INTRODUCTION
The lowest-lying singly charmed baryons include the anti-triplet and sextet states Bc =
(Λ+c ,Ξ
0
c ,Ξ
+
c ) and B
′
c = (Σ
(0,+,++)
c ,Ξ
′(0,+)
c ,Ω
0
c), respectively. The Bc and Ω
0
c baryons pre-
dominantly decay weakly [1–5], whereas the Σc (Ξ
′
c) decays are strong (electromagnetic)
processes. There have been more accurate observations for the Bc weak decays in the recent
years, which have helped to improve the theoretical understanding of the decay processes [6–
14]. With the lower production cross section of σ(e+e− → Ω0cX) [4], it is an uneasy task to
measure Ω0c decays. Consequently, most of the Ω
0
c decays have not been reanalysized since
1990s [15–23], except for those in [24–29].
One still manages to measure more than ten Ω0c decays, such as Ω
0
c → Ω−ρ+, Ξ0K¯(∗)0
and Ω−ℓ+νℓ, but with the branching fractions relative to B(Ω0c → Ω−π+) [5]. To extract
the absolute branching fractions, the study of Ω0c → Ω−π+ is crucial. Fortunately, the
Ω0c → Ω−π+ decay involves a simple topology, which benefits its theoretical exploration.
In Fig. 1a, Ω0c → Ω−π+ is depicted to proceed through the Ω0c → Ω− transition, while π+
is produced from the external W -boson emission. Since it is a Cabibbo-allowed process
with V ∗csVud ≃ 1, a larger branching fraction is promising for measurements. Furthermore,
it can be seen that Ω0c → Ω−π+ has a similar configuration to those of Ω0c → Ω−ρ+ and
Ω0c → Ω−ℓ+νℓ, as drawn in Fig. 1, indicating that the three Ω0c decays are all associated
with the Ω0c → Ω− transition. While Ω is a decuplet baryon that consists of the totally
symmetric identical quarks sss, behaving as a spin-3/2 particle, the form factors of the
Ω0c → Ω− transition can be more complicated, which hinders the calculation for the decays.
As a result, a careful investigation that relates Ω0c → Ω−π+,Ω−ρ+ and Ω0c → Ω−ℓ+νℓ has
not been given yet, despite the fact that the topology associates them together.
Based on the quark models, it is possible to study the Ω0c decays into Ω
− with the
Ω0c → Ω− transition form factors. However, the validity of theoretical approach needs to be
tested, which depends on if the observations, given by
B(Ω0c → Ω−ρ+)
B(Ω0c → Ω−π+)
= 1.7± 0.3 [4] (> 1.3 [5]) ,
B(Ω0c → Ω−e+νe)
B(Ω0c → Ω−π+)
= 2.4± 1.2 [5] , (1)
can be interpreted. Since the light-front quark model has been successfully applied to the
heavy hadron decays [27, 30–42], in this report we will use it to study the Ω0c → Ω− transition
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FIG. 1. Feynman diagrams for (a) Ω0c → Ω−π+(ρ+) and (b) Ω0c → Ω−ℓ+νℓ with ℓ+ = e+ or µ+.
form factors. Accordingly, we will be enabled to calculate the absolute branching fractions
of Ω0c → Ω−π+(ρ+) and Ω0c → Ω−ℓ+νℓ, and check if the two ratios in Eq. (1) can be well
explained.
II. THEORETICAL FRAMEWORK
A. General Formalism
To start with, we present the effective weak Hamiltonians HH,L for the hadronic and
semileptonic charmed baryon decays, respectively [43]:
HH = GF√
2
V ∗csVud[c1(u¯d)(s¯c) + c2(s¯d)(u¯c)] ,
HL = GF√
2
V ∗cs(s¯c)(u¯νvℓ) , (2)
where GF is the Fermi constant, Vij the Cabibbo-Kobayashi-Maskawa (CKM) matrix ele-
ments, c1,2 the effective Wilson coefficients, (q¯1q2) ≡ q¯1γµ(1 − γ5)q2 and (u¯νvℓ) ≡ u¯νγµ(1 −
γ5)vℓ. In terms of HH,L, we derive the amplitudes of Ω0c → Ω−π+(ρ+) and Ω0c → Ω−ℓ+νℓ
as [44, 45]
Mh ≡M(Ω0c → Ω−h+) =
GF√
2
V ∗csVud a1〈Ω−|(s¯c)|Ω0c〉〈h+|(u¯d)|0〉 ,
Mℓ ≡M(Ω0c → Ω−ℓ+νℓ) =
GF√
2
V ∗cs〈Ω−|(s¯c)|Ω0c〉(u¯νℓvℓ) , (3)
where h = (π, ρ), ℓ = (e, µ), and a1 = c1+ c2/Nc results from the factorization [46], with Nc
the color number.
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With B′c (B
′) denoting the charmed sextet (decuplet) baryon, the matrix elements of the
B′c → B′ transition can be parameterized as [28, 41]
〈T µ〉 ≡ 〈B′(P ′, S ′, S ′z)|q¯γµ(1− γ5)c|B′c(P, S, Sz)〉
= u¯α(P
′, S ′z)
[
P α
M
(
γµF V1 +
P µ
M
F V2 +
P ′µ
M ′
F V3
)
+ gαµF V4
]
γ5u(P, Sz)
−u¯α(P ′, S ′z)
[
P α
M
(
γµFA1 +
P µ
M
FA2 +
P ′µ
M ′
FA3
)
+ gαµFA4
]
u(P, Sz) , (4)
where (M,M ′) and (S, S ′) = (1/2, 3/2) represent the masses and spins of (B′c,B
′), respec-
tively, and F V,Ai (i = 1, 2, .., 4) the form factors to be extracted in the light-front quark
model. The matrix elements of the meson productions are defined as [5]
〈π(p)|(u¯d)|0〉 = ifπqµ ,
〈ρ(λ)|(u¯d)|0〉 = mρfρǫµ∗λ , (5)
where fπ(ρ) is the decay constant, and ǫ
µ
λ is the polarization four-vector with λ denoting the
helicity state.
B. The light-front quark model
The baryon bound state B′(c) contains three quarks q1, q2 and q3, with the subscript c for
q1 = c. Moreover, q2 and q3 are combined as a diquark state q[2,3], behaving as a scalar or
axial-vector. Subsequently, the baryon bound state |B′(c)(P, S, Sz)〉 in the light-front quark
model can be written as [31]
|B′(c)(P, S, Sz)〉 =
∫
{d3p1}{d3p2}2(2π)3δ3(P˜ − p˜1 − p˜2)
× ∑
λ1,λ2
ΨSSz(p˜1, p˜2, λ1, λ2)|q1(p1, λ1)q[2,3](p2, λ2)〉 , (6)
where ΨSSz is the momentum-space wave function, and (pi, λi) stand for momentum and
helicity of the constituent (di)quark, with i = 1, 2 for q1 and q[2,3], respectively. The tilde
notations represent that the quantities are in the light-front frame, and one defines P =
(P−, P+, P⊥) and P˜ = (P
+, P⊥), with P
± = P 0 ± P 3 and P⊥ = (P 1, P 2). Besides, p˜i are
given by
p˜i = (p
+
i , pi⊥) , pi⊥ = (p
1
i , p
2
i ) , p
−
i =
m2i + p
2
i⊥
p+i
, (7)
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with
m1 = mq1 , m2 = mq1 +mq2 ,
p+1 = (1− x)P+, p+2 = xP+,
p1⊥ = (1− x)P⊥ − k⊥, p2⊥ = xP⊥ + k⊥ , (8)
where x and k⊥ are the light-front relative momentum variables with k⊥ from ~k = (k⊥, kz),
ensuring that P+ = p+1 + p
+
2 and P⊥ = p1⊥ + p2⊥. According to ei ≡
√
m2i + ~k
2 and
M0 ≡ e1 + e2 in the Melosh transformation [30], we obtain
x =
e2 − kz
e1 + e2
, 1− x = e1 + kz
e1 + e2
, kz =
xM0
2
− m
2
2 + k
2
⊥
2xM0
,
M20 =
m21 + k
2
⊥
1− x +
m22 + k
2
⊥
x
. (9)
Consequently, ΨSSz can be given in the following representation [41]:
ΨSSz(p˜1, p˜2, λ1, λ2) =
A(′)√
2(p1 · P¯ +m1M0)
u¯(p1, λ1)Γ
(α)
S,Au(P¯ , Sz)φ(x, k⊥) , (10)
with
A =
√√√√ 3(m1M0 + p1 · P¯ )
3m1M0 + p1 · P¯ + 2(p1 · p2)(p2 · P¯ )/m22
,
ΓS = 1, ΓA = − 1√
3
γ5ǫ/
∗(p2, λ2) ,
and
A′ =
√√√√ 3m22M20
2m22M
2
0 + (p2 · P¯ )2
, ΓαA = ǫ
∗α(p2, λ2) , (11)
where the vertex function ΓS(A) is for the scalar (axial-vector) diquark in B
′
c, and Γ
α
A for the
axial-vector diquark in B′. We have used the variable P¯ ≡ p1 + p2 to describe the internal
motions of the constituent quarks in the baryon [32], which leads to (P¯µγ
µ−M0)u(P¯ , Sz) = 0,
different from (Pµγ
µ−M)u(P, Sz) = 0. For the momentum distribution, φ(x, k⊥) is presented
as the Gaussian-type wave function, given by
φ(x, k⊥) = 4
(
π
β2
)3/4√
e1e2
x(1− x)M0 exp

−~k2
2β2

 , (12)
where β shapes the distribution.
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Using |B′c(P, S, Sz)〉 and |B′(P,′ S ′, S ′z)〉 from Eq. (6) and their components in Eqs. (10),
(11) and (12), we derive the matrix elements of the B′c → B′ transition in Eq. (4) as
〈T¯ µ〉 ≡ 〈B′(P ′, S ′, S ′z)|q¯γµ(1− γ5)c|B′c(P, S, Sz)〉
=
∫
{d3p2} φ
′(x′, k′⊥)φ(x, k⊥)
2
√
p+1 p
′+
1 (p1 · P¯ +m1M0)(p′1 · P¯ ′ +m′1M ′0)
×∑
λ2
u¯α(P¯
′, S ′z)
[
Γ¯ ′αA (p/
′
1 +m
′
1)γ
µ(1− γ5)(p/1 +m1)ΓA
]
u(P¯ , Sz) , (13)
with m1 = mc, m
′
1 = mq and Γ¯ = γ
0Γ†γ0. We define Jµ5 j = u¯(Γ
µβ
5 )juβ and J¯
µ
5 j = u¯(Γ¯
µβ
5 )juβ
with j = 1, 2, ..., 4, where
(Γµβ5 )j = {γµP β, P ′µP β, P µP β, gµβ}γ5 ,
(Γ¯µβ5 )j = {γµP¯ β, P¯ ′µP¯ β, P¯ µP¯ β, gµβ}γ5 . (14)
Then, we multiply J5 j (J¯5 j) by 〈T 〉 (〈T¯ 〉) as F5 j ≡ J5 j · 〈T 〉 and F¯5 j ≡ J¯5 j · 〈T¯ 〉 with 〈T 〉
and 〈T¯ 〉 in Eqs. (4) and (13), respectively, resulting in [41]
F5 j = Tr
{
uβu¯α
[
P α
M
(
γµF V1 +
P µ
M
F V2 +
P ′µ
M ′
F V3
)
+ gαµF V4
]
γ5u¯(Γ
β
5µ)j
}
,
F¯5 j =
∫
{d3p2} φ
′(x′, k′⊥)φ(x, k⊥)
2
√
p+1 p
′+
1 (p1 · P¯ +m1M0)(p′1 · P¯ ′ +m′1M ′0)
×∑
λ2
Tr
{
uβu¯α
[
Γ¯ ′αA (p/
′
1 +m
′
1)γ
µ(p/1 +m1)ΓA
]
u(Γ¯β5µ)j
}
. (15)
In the connection of F5 j = F¯5 j, we construct four equations. By solving the four equations,
the four form factors F V1 , F
V
2 , F
V
3 and F
V
4 can be extracted. The form factors F
A
i can be
obtained in the same way.
C. Branching fractions in the helicity basis
One can present the amplitude of Ω0c → Ω−h+(Ω−ℓ+νℓ) in the helicity basis ofHλΩλh(ℓ) [28,
41], where λΩ = ±3/2,±1/2 represent the helicity states of the Ω− baryon, and λh,ℓ those
of h+ and ℓ+νℓ. Substituting the matrix elements in Eqs. (3) with those in Eqs. (4) and (5),
the amplitudes in the helicity basis now read
√
2Mh = (i)∑λΩ,λh GFV ∗csVud a1mhfhHλΩλh
and
√
2Mℓ = ∑λΩ,λℓ GFV ∗csHλΩλℓ , where HλΩλf = HVλΩλf −HAλΩλf with f = (h, ℓ). Explicitly,
H
V (A)
λΩλf
is written as [28]
H
V (A)
λΩλf
≡ 〈Ω−|s¯γµ(γ5)c|Ω0c〉εµf , (16)
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with εµh = (q
µ/
√
q2, ǫµ∗λ ) for h = (π, ρ). For the semi-leptonic decay, since the ℓ
+νℓ system
behaves as a scalar or vector, εµℓ = q
µ/
√
q2 or ǫµ ∗λ . The π meson only has a zero helicity
state, denoted by λπ = 0¯. On the other hand, the three helicity states of ρ are denoted by
λρ = (1, 0,−1). For the lepton pair, we assign λℓ = λπ or λρ. Subsequently, we expand
H
V (A)
λΩλf
as
H
V (A)
1
2
0¯
=
√√√√2
3
Q2±
q2
(
Q2∓
2MM ′
)
(F
V (A)
1 M± ∓ F V (A)2 M¯+ ∓ F V (A)3 M¯ ′− ∓ F V (A)4 M) , (17)
for εµf = q
µ/
√
q2, where M± =M ±M ′, Q2± =M2± − q2, and M¯ (′)± = (M+M− ± q2)/(2M (′)).
We also obtain
H
V (A)
3
2
1
= ∓
√
Q2∓ F
V (A)
4 ,
H
V (A)
1
2
1
= −
√
Q2∓
3
[
F
V (A)
1
(
Q2±
MM ′
)
− F V (A)4
]
,
H
V (A)
1
2
0
=
√√√√2
3
Q2∓
q2

F V (A)1
(
Q2±M∓
2MM ′
)
∓
(
F
V (A)
2 + F
V (A)
3
M
M ′
) |~P ′|2
M ′

∓ F V (A)4 M¯ ′−

 , (18)
for εµf = ǫ
µ∗
λ , with |~P ′| =
√
Q2+Q
2
−/(2M). Note that the expansions in Eqs. (17) and (18)
have satisfied λΩc = λΩ− λf for the helicity conservation, with λΩc = ±1/2. The branching
fractions then read
Bh ≡ B(Ω0c → Ω−h+) =
τΩcG
2
F |~P ′|
32πm2Ωc
|VcsV ∗ud|2 a21m2hf 2hH2h ,
Bℓ ≡ B(Ω0c → Ω−ℓ+νℓ) =
τΩcG
2
F |Vcs|2
192π3m2Ωc
∫ (mΩc−mΩ)2
m2
ℓ
dq2

 |~P ′|(q2 −m2ℓ)2
q2

H2ℓ , (19)
where
H2π =
∣∣∣H 1
2
0¯
∣∣∣2 + ∣∣∣H− 1
2
0¯
∣∣∣2 ,
H2ρ =
∣∣∣H 3
2
1
∣∣∣2 + ∣∣∣H 1
2
1
∣∣∣2 + ∣∣∣H 1
2
0
∣∣∣2 + ∣∣∣H− 1
2
0
∣∣∣2 + ∣∣∣H− 1
2
−1
∣∣∣2 + ∣∣∣H− 3
2
−1
∣∣∣2 ,
H2ℓ =
(
1 +
m2ℓ
2q2
)
H2ρ +
3m2ℓ
2q2
H2π , (20)
with τΩc the Ω
0
c lifetime.
III. NUMERICAL ANALYSIS
In the Wolfenstein parameterization, the CKM matrix elements are adopted as Vcs =
Vud = 1 − λ2/2 with λ = 0.22453 ± 0.00044 [5]. We take the lifetime and mass of the
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TABLE I. The Ω0c → Ω− transition form factors with F (0) at q2 = 0, where δ ≡ δmc/mc = ±0.04
from Eq. (21).
F (0) a b
FV1 0.54 + 0.13δ −0.27 1.65
FV2 0.35− 0.36δ −30.00 96.82
FV3 0.33 + 0.59δ 0.96 9.25
FV4 0.97 + 0.22δ −0.53 1.41
F (0) a b
FA1 2.05 + 1.38δ −3.66 1.41
FA2 −0.06 + 0.33δ −1.15 71.66
FA3 −1.32− 0.32δ −4.01 5.68
FA4 −0.44 + 0.11δ −1.29 −0.58
Ω0c baryon and the decay constants (fπ, fρ) = (132, 216) MeV from the PDG [5]. With
(c1, c2) = (1.26,−0.51) at themc scale [43], we determine a1. In the generalized factorization,
Nc is taken as an effective color number with Nc = (2, 3,∞) [28, 29, 42, 46], in order to
estimate the non-factorizable effects. For the Ω+c (css) → Ω−(sss) transition form factors,
the theoretical inputs of the quark masses and parameter β in Eq. (15) are given by [34, 40]
m1 = mc = (1.35± 0.05) GeV , m′1 = ms = 0.38 GeV , m2 = 2ms = 0.76 GeV ,
βc = 0.60 GeV , βs = 0.46 GeV , (21)
where βc(s) is to determine φ
(′)(x(′), k
(′)
⊥ ) for Ω
0
c (Ω
−). We hence extract F Vi and F
A
i in
Table I. For the momentum dependence, we have used the double-pole parameterization:
F (q2) =
F (0)
1− a (q2/m2F ) + b (q4/m4F )
, (22)
with mF = 1.86 GeV. Using the theoretical inputs, we calculate the branching fractions,
whose results are given in Table II.
IV. DISCUSSIONS AND CONCLUSIONS
In Table II, we present Bπ and Bρ with Nc = (2, 3,∞). The errors come from the form
factors in Table I, of which the uncertainties are correlated with the charm quark mass. By
comparison, Bπ and Bρ are compatible with the values in Ref. [28]; however, an order of
magnitude smaller than those in Refs. [20, 22], whose values are obtained with the total decay
widths Γπ(ρ) = 2.09a
2
1(11.34a
2
1)×1011 s−1 and Γπ(ρ) = 1.33a21(4.68a21)×1011 s−1, respectively.
We also predict Be = (5.4± 0.2)× 10−3 as well as Bµ ≃ Be, which is much smaller than the
value of 127 × 10−3 in [24]. Only the ratios Rρ/π and Re/π have been actually observed so
far. In our work, Rρ/π = 2.8±0.4 is able to alleviate the inconsistency between the previous
8
TABLE II. Branching fractions of (non-)leptonic Ω0c decays and their ratios, where Rρ(e)/π ≡
Bρ(e)/Bπ. The three numbers in the parenthesis correspond to Nc = (2, 3,∞), and the errors come
from the uncertainties of the form factors in Table I.
B(R) our work Ref. [20] Ref. [22] Ref. [28] Ref. [24] data [4, 5]
103Bπ (5.1± 0.7, 6.0± 0.8, 8.0± 1.0) (56.6, 66.5, 88.9) (36.0, 42.3, 56.6) (−,−, 2)
103Bρ (14.4 ± 0.4, 17.0± 0.5, 22.1± 0.6) (307.0, 361.1, 482.5) (126.7, 149.0, 199.1) (−,−, 19)
103Be 5.4± 0.2 127
103Bµ 5.0± 0.2
Rρ/π 2.8± 0.4 5.4 3.5 9.5 1.7± 0.3 (> 1.3)
Re/π (1.1± 0.2, 0.9± 0.1, 0.7± 0.1) 2.4± 1.2
value and the most recent observation. We obtain Re/π = 1.1 ± 0.2 with Nc = 2 to be
consistent with the data, which indicates that (Bπ,Bρ) = (5.1± 0.7, 14.4± 0.4)× 10−3 with
Nc = 2 are more favorable.
The helicity amplitudes can be used to better understand how the form factors contribute
to the branching fractions. With the identity H
V (A)
−λΩ−λf
= ∓HV (A)λΩλf for the B′c(JP = 1/2+) to
B′(JP = 3/2+) transition [28], H2π in Eq. (20) can be rewritten as H
2
π = 2(|HV1
2
0¯
|2 + |HA1
2
0¯
|2).
From the pre-factors in Eq. (17), we estimate the ratio of |HV1
2
0¯
|2/|HA1
2
0¯
|2 ≃ 0.05, which shows
that HA1
2
0¯
dominates Bπ, instead of HV1
2
0¯
. More specifically, it is the FA4 term in H
A
1
2
0¯
that
gives the main contribution to the branching fraction. By contrast, the FA1,3 terms in H
A
1
2
0¯
largely cancel each other, which is caused by FA1 M− ≃ FA3 M¯ ′− and a minus sign between FA1
and FA3 (see Table I); besides, the F
A
2 term with a small F
A
2 (0) is ignorable.
Likewise, we obtain H2ρ = 2(|HVρ |2+|HAρ |2) for Bρ, where |HV (A)ρ |2 = |HV (A)3
2
1
|2+|HV (A)1
2
1
|2+
|HV (A)1
2
0
|2. We find that |HAρ |2 is ten times larger than |HVρ |2. Moreover, HA1
2
0
is similar to
HA1
2
0¯
, where the FA1,3 terms largely cancel each other, F
A
2 is ignorable, and F
A
4 gives the main
contribution. While FA1 and F
A
4 in H
A
1
2
1
have a positive interference, giving 20% of Bρ, FA4 in
HA3
2
1
singly contributes 35%. In Eq. (20), the factor of m2ℓ/q
2 with mℓ ≃ 0 should be much
suppressed, such that H2ℓ ≃ H2ρ . Therefore, Bℓ receives the main contributions from the FA4
terms in HA1
2
0
, HA1
2
1
and HA3
2
1
, which is similar to the analysis for Bρ.
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In summary, we have studied the Ω0c → Ω−π+,Ω−ρ+ and Ω0c → Ω−ℓ+νℓ decays, which
proceed through the Ω0c → Ω− transition and the formation of the meson π+(ρ+) or lepton
pair from the external W -boson emission. With the form factors of the Ω0c → Ω− transition,
calculated in the light-front quark model, we have predicted B(Ω0c → Ω−π+,Ω−ρ+) = (5.1±
0.7, 14.4±0.4)×10−3 and B(Ω0c → Ω−e+νe) = (5.4±0.2)×10−3. While the previous studies
have given the Rρ/π values deviating from the most recent observation, we have presented
Rρ/π = 2.8 ± 0.4 to alleviate the deviation. Moreover, we have obtained Re/π = 1.1 ± 0.2,
consistent with the current data.
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